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CHAPTER 1. PHYSIOGRAPHY, ECOREGIONS, AND SURFACE GEOLOGY

) Mississipﬁi is within the Gulf Coastal
Plain Physiographic Province, and its land sur-
face is largely underlain by unconsolidated
sediments that rangﬁ in age from Recent to
Late Cretaceous. Reverend Elias Cornelius
(1819) gave one of the earliest geologic de-
scriptions of Mississippi in a %aqer on his trav-
els between Boston and New Orleans. Here he
referred to the Gulf Coastal Plain as the
"Alluvial Formation," observing its northern
limits to be south of the Tennessee River's
southern "Dividing Ridge," or as travelers
called it, "the southern boundary of the stony
country." His description in part of the land
south of the Tennessee divide follows: "After
crossing it, you see no more limestone; and,
which excites more joy in the traveler, no more
of the silicious gravel, with which it 1s associ-
ated, and which is so troublesome to the feet of
horses. The soil consists of a soft clay, or light
sand, on which you seldom meet with a stone
of any kind. The surface of the earth is undu-
lating and hilly, but not mountainous."

The state's highest elevation is the top
of Woodall Mountain (figures 1-3) in Tisho-
mingo County, a coastal plain "summit" at 806
feet.” The term mountain for this hill is a mis-
nomer as there are no mountains on the coastal
plain. Rather, cuestas of high relief and eleva-
tion are formed on sandy strata, which absorb
rainfall and have less runoff. The term
“cuesta” was used by Davis (1899) to describe

escarpments typical of coastal plain land-
scapes. Such landscapes develop on the homo-
clinal flanks of subsiding basins, such as the
Gulf Coastal Plain, and form parallel, outward-
facing, belted, erosional escarpments or cues-
tas (Martin, 1966, p. 2285). Soils developed
on shaly or chalky formations erode to form
the low-relief prairies, which separate cuestas.
Lobeck’s (1979) “Physiographic Diagram of
the United States” showed three unnamed
cuestas trending across the Gulf Coastal Plain
of Alabama and Mississippi, which corre-
spond, from north to south, the Wilcox, Talla-
hatta, and Catahoula/Miocene cuestas.

) The most detailed physiographic depic-
tion of the Gulf Coastal Plain Physiographic
Region is found in a map entitled “Landforms
of the United States” by Raisz (Sixth revised
edition, 1957). This map was adapted in the
“th{smgre}phlc Regions of M15$1s51pzp1” map
published in Childress et al. (1976, p. 23).

Paleozoic Bottoms: In the northeast-
ern part of Tishomingo Countg, tributaries of
the Tennessee and Tombigbee rivers cut
through coastal plain sediments of the
Tombigbee and Eutaw formations to reveal the
hard rocks of the Paleozoic basement. Here,
low areas, where Paleozoic rocks are exposed,
form the Paleozoic Bottoms Province. Paleo-
zoic rocks are well exposed in Coleman and
Tishomingo state parks in Tishomingo County.

Figure 1. Woodall Mountain in Tishomiriﬁo County, Mississippi’s highest elevation at 806 feet above

sea level, as seen looking southeast from t
Picture (scanned print; Image 1448) from Merrill (19

e intersection of

Highway 72 and Highway 365 at Burnsville.
88, p. 17).



Figure 2. View from Mt. Woodall to the southwest toward
Chestnut Ridge in Tishomingo County, Mississi
points on_the ridge )
rlnga%on. Picture (slide 4-13; Image 1393) taken in July of

pPl. High
e consist of sands in the Cotfee For-

Tombigbee and Tennessee River
Hills: The Tennessee River Hills Physio-
raphic Province consists of hills developed on
the unconsolidated Cretaceous sands of the
Tuscaloosa, Eutaw, and Coffee formations and
form the northern plgrt of the divide separating
the Tennessee and Tombigbee drainage basins.
The steepest face of the complex cuestas of the
Tennessee-Tombigbee divide face eastward
toward the Tennessee River. The Coffee Sand
has the distinction of capping Woodall Moun-
tain and thus att_almnﬁ the highest elevation of
any geologic unit in the State. Stephenson and
Monroe (1940, p.28) considered  the
Tombigbee Sand to underlie the knob triangu-
lation station on the summit of Woodall Moun-
tain. The Tuscaloosa Formation contains grav-
el of commercial value. These gravels com-
monly are reworked within the stream beds of
the province. The Tombigbee and Tennessee
River Hills were originally forested with lplne,
oak, and hickory on the hill tops and slopes
and in the valleys with black walnut, syca-
more, tulip tree, maple, cucumber tree, and an
occasional umbrella magnolia in the shaded,
rich soils of the valley floor where alder
fringed the borders of sfreams (Lowe, 1915).
Mississippi Forestry Commission Publication
#76 (undated) combined this region with the
Pontotoc Ridge and North Central Hills under
the name “ tp er Coastal Plain,” where it rec-
ognized the following commercial tree species:
oak, sweet gum, black gum, beech, elm, hicko-
ry, yellow poplar, magnolia, sycamore, loblol-
ly pine, shortleaf pine, and longleaf pine.

Black Prairie: _Bordering  the
Tombigbee and Tennessee River Hills on the
south and west is the Black Prairie. According
to Douglas (2000), the Black Prairie got its

Fi
un%lallmed knobby peaks in the distance consist of sands in

the Coffee Formation restin
Formation. Picture (slide
July of 1973.

name from two_distinguishing characteristics:
the dark color from the high level of organic
matter and the crackling %hlgh shrink-swell)
smectite clays that made tree growth difficult.
The latter clays are a weathering product of the
Cretaceous chalks of the Selma Group, and the
ph?rsio%raphlc province is an important agri-
cultural region ﬁﬁures 4-7). Both it and the
Alluvial Plain of the Mississippi River can eas-
ily be recognized in LANDSAT imagery taken
from space, such as that of the July 1976 Na-
tional Geographic suf)plement, Portrait USA.
These features are also recognizable on the
U.S. Geological Survey Map 1-2206 (1991)
entitled "Landforms of the Conterminous Unit-
ed States - A Digital Shaded-Relief Portrayal."

The Black Prairie originally consisted
of open prairie grasslands with prairie clovers,
mellilotus, compass plants, and milk weed;
gentle _elevations were forested with stunted

lack jack and post oak (Lowe, 1915). The
prairie surface is considerably lower than the
eastern hills and slopes southward from 400
feet above sea level in the north, where prairie
features are less common, to an altitude of 179
feet at Macon in central Noxubee County
(Lowe, 1915), where broad prairie plains are
almost continuous.

_ Changes in land use and vegetation are
visible to the highway traveler who crosses
onto the Black Prairie. Most notable of these
include the change from woodlands to agricul-
tural fields and the presence of cedars along
the roadside. Often in clumps of cedars, the
white Cretaceous chalks can be seen outcrop-
ping below the soil in _erosional gullies. This
province selectively favors hardwoods over
pines, which have a low tolerance for the alka-

re 3. View from Mt. Woodall to the west. The two

above sands in the Eutaw
-14; Image 1394) taken in
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gure 4. A Oveiw 0 the lack Prairie (Back elt)
on the Natchez Trace. Picture (Kodachrome slide 14-
31; Image 1345) taken on May 20, 1976.

H R

Figure 6.  Cattle grazing on a rich grass field of the

Black Prairie Physiographic Province near Artesia in

Lowndes County. Here Black Prairie soil is developed
on weathered B,mopohs Chalk. Picture (digital, I()ZD
51; Image 1054) taken on August 23, 2007.

line waters of the chalky bedrock. Mississippi
Forestry Commission Publication #76 listed
the following commercial tree species for the
Black Prairie Province: ash, cottonwood, hack-
berry, red oak, white oak, and sweet gum.

Douglas (2000) questioned if the early
European settlers of Alabama founded their
towns, such as Montgomery and Selma, on soil
bou,ncfanes with the towns located on better-
drained ultisols next to_ the alfisols of the
“Black Belt,” which provided their food crops.
Dockery (.2(30'2b; an ( 1 of
this publication) sug%ested the Mississippi
towns of Tupelo, Saltillo, Guntown, Baldwin,
Frankstown, Booneville, Rienzi, and Corinth
were situated on the Coffee Sand aquifer for

Figure 5. Overview of the Black Prairie on the Natchez
Trace. Picture (Kodachrome slide 14-30; Image 1344)
taken on May 20,

1976.

Figure 7. The Black Prairie on the Demopolis Chalk as
viewed from core-hole site #2 at Brooksville, Missis-
sippi. Picture (frame 1/0A; Image 560) taken by Ernest
Russell taken in 1989.

their water supplty, while remaining close to
the Black Prairie for their food supply.

) Pontotoc Ridge: The Pontotoc Ridﬁe
is deyeloged mainly on the sands of the
McNairy Sand and Chiwapa Sandstone mem-
bers of the Rlﬁley Formation but also includes
the Owl Creek, and Clayton formations. The
ridge tapers to the south where sands of the
Ripley and Owl Creek formations grade into
chalk. Along its course, the Pontotoc Ridge
separates the Black Prairie from the Flatwoods
and includes an area of high elevation in the

Ground Water section of Tippah Hills where the Union/Prentiss County

Line abuts Tippah County. North of Highway
30 in western Prentiss County (west of Gee-
VIHC? Geeville Mountain rises to an_elevation
of 710 feet; further west, near the Union Coun-



Figure 8. Lebanon Mountain in western Prentiss County,

SRS
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as viewed to the north from Hig}tllwa%. 1310, is 790 feet
i

above sea level and the second hig ]
and is capped by the McNairy Sand. Picture (
50; Image 1044;

Figure 10.

est in Mississippi
digital,
taken on August 9, 2077.

b s

Bill Berggren just above the Meridian-

Tallahatta contact on the slope of Mt. Barton, an outlier
of the Tallahatta cuesta with a view of Meridian to the

b

north. Picture (slide 203-2; Image 220) taken on August
16, 1988.

ty Line, Lebanon Mountain rises to 790 feet in
elevation, only 16 feet lower than the state’s
highest elevation at Woodall Mountain
(Figure 8). A view from Lebanon Mountain
was published by Blake 82006) in Mississipﬁi
Farm Country. Lowe (1915) noted the back-
bone of the Pontotoc Ridge to have an average
elevation above 500 feet and to divide the wa-
ters of the Tombigbee watershed on the east
and the Mississippt and Pearl River watersheds
on the west. He also noted the region to be
one of dense fine hardwood forests.” Stephen-
son and Monroe (1940, p. 29-30) described the
Pontotoc Ridge as resting mainly on sandy

Figure 9. View to the northeast from the Wilcox

cuesta on the Natchez Trace Parkway near Little Bear
Mountain at Jeff Busby State Park. ~ Picture (slide 4-

6; Image 1395) taken in July of 1973.

Figure 11.

radio tower south of

] eridian, Miss1ss1p%)1. Picture
(slide 131-12; Image 214) taken on August 16,

beds in the Ripley Formation but as also in-
cluding beds of the Owl Creek, Prairie Bluff,
and Clayton formations.

Flatwoods: The Flatwoods is a low,
wooded physiographic province developed on
the Paleocene Porters Creek Clay. It is a nar-
row region west of the Pontotoc Ridge, rang-
ing from two to eight miles in width, that is
conspicuously lower than the bordering areas
(Lowe, 1915{ The eastern edge of this é)rov-
ince marks the approximate boundary of Creta-
ceous and Tertiary rocks or the K/T boundary,
the level at which the dinosaurs, ammonites,
and a host of other things became extinct.
Overlying this boundary are sands and lime-
stones of the Clayton Formation followed by
the Porters Creek Clay, which is several hun-
dred feet thick. The Porters Creek Clay is used

View looking west from the Tallahatta
Cuesta on old Highway 45 in Lauderdale County at a

1976.



11

Paleozoic
Bottoms

Legend
MS 10m DEM

High : 806.954
Low : -11.1436

Mississippi

Digital Earth Model (DEM) 10 meter grid
with

Superimposed Physiographic Regions

° 0 20 40 © 0

Figure 12



12

o

- il "...:.‘,. -'"
IR | g S T
omery

Figure 13. View north from the Tallahatta cuesta at

Figure 14. Duck Hill on Highway 51 in Mont
Grenada, Mississippi, from a road north of Highway  County. The hill is an outlier of the Kociusko For-
8 and %ust east of Interstate 55 (visible at horizon mation. Picture (Kodachrome slide 13-8; Image 507)
above the road). Picture taken in August of 1975.

gcolor negative 579-22A;
Image 577) taken on June 13, 2006.

be on the Illinois Central Railroad near Holly

commercially in Mississippi for the making of Springs at 609 feet above sea level.

kitty litter and in Alabama for the production
of light-weight algggqgatg:. Mississippi Forest-
ry Commission Publication #76 listed the fol-
lowm% commercial tree species for this region:
loblolly pine, shortleaf pine, sweet gum, yel-
low poplar, red oak, white oak, elm, and hicko-

ry.

Foster (1940, p. 9, fig. 1) gave a view
of the Flatwoods topography as photographed
in 1938 near Sucarnoochee in Kemper County.
Conant (1941) gave a view of Flatwoods_ter-
rain in Tippah County as seen from Blue
Mountain in 1939.

North Central Hills Province: The
North Central Hills Province overlies sandy
units of the Eocene Claiborne and Eocene-

_ Jackson Prairie: The Jackson Prairie
overlies the Late Eocene marine Yazoo Clay of
the Jackson Group and trends east-west across
central Mississippi. Hilgard (1860) called this
terrain _ the  *hog-wallow rairie  re-

ion” (Figurg 15). Sediments of the Jackson
roup underlie the Alluvial Plain in northwest-
ern Missis

g)%l and reappear in southeastern
Arkansas, A bulge in the Prairie's southwest-
ern margin is produced by the Jackson Dome.
Here the Jackson Group is uplifted at Jackson
and dips radially from the dome's crest.

The Yazoo Clay is largely composed of
montmorillonite, an expansive clay that buck-
les roads and foundations. It and the underly-
ing Moodys Branch Formation of the Jackson

Paleocene Wilcox groups. The eastern edge of Group are also a source of Late Eocene marine

this province is marked by the Wilcox cuesta
escarpment (Figure 9), which is one of the
most distinctive topographic features in north-
eastern MISSISSIEFI: uestas of the Wilcox
Group and the Claiborne Group (figures 10-
14) continue north into Tennessee and are the
recharge areas for some of central and north-
western Mississippi's most important aquifers
(ground water sources). These aquifers are
also used extensively by the city of Mempbhis,
Tennessee, which boasts having perhaps the
nation's best public drinking water.

_ Lignites are fre((]iuent_ly associated with
Wilcox and Claiborne deltaic sands and clays
and is the reason Lowe (1911) named the re-
ion the Northern Lignitic Plateau, though he
ater changed the name to the North Central
Plateau (Lowe, 1915, 1919, 1925). Lowe
(1915, p. 31) cited the highest railroad point to

fossils, including the bones of the extinct ar-
chaeocete whale Basilosaurus. Basilosaur ver-
tebrae are reported to have been used locally as
foundation stones.  Barone (2005) found
9,998.7 hectares of prairie grassland on the
Jackson Prairie in western Mississippi as indi-
cated on land surveys conducted by the U. S.
General Land Office in the 1830s; prairie lands
were most common in Madison and Rankin
counties. Barone (/bid) noted that these grass-
lands “occurred on calcareous substrates that
typically had dry soil conditions that limited
tree growth and promoted fires.”

The Jackson Prairie is an important ag-
ricultural region and is particularly rich where
it intersects the loess hills. Here cotton is a
m}algor crop. Soils on the Jackson Prairie have a
pH almost always higher than 7.5 (in compari-
son to surrounding forests soils, ranging from
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Jackson Group - Gilgai Sites
In Mississippi

© gilgai sites identified using

Microsoft Virtual Earth
and Pictometry International Corp. data
Geology by Alvin R. Bicker, 1969
Geologic Map of Mississippi

by Britt Maxwell, 2009
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"...the 'Hog-Wallow prairie' region, in which only the

clay marls of the Jackson Group are to be looked for."

E. W. Hilgard, 1860, REPORT ON THE GEOLOGY
AND AGRICULTURE OF THE STATE OF MISSISSIPPI
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4.0 to 7.0) and support a natural vegetation of
the tall grass prairie plants, including big
bluestem, little bluestem, yellow Indian grass,
and switchgrass, and herbs, including purple
prairie coneflower, purple and white prairie
clover, black-eyed susan, yellow coneflower,
sneezeweed, and numerous asters (Wieland,
1991). Lowe (1915) noted the Jackson Prairie
to have a black calcareous prairie soil much
like that of the Black Prairie. He gave the
original vegetation of much of the prairie as
forests of pine, oak, and hickory. Mississippi
Forestry Commission Publication #76 listed
the following commercial tree species for this
region: ash, cottonwood, hackberry, red oak,
white oak, and sweet gum.

~ Along its southern margin the Jackson
Prairie 1s overlapped in numerous places
(especially in Jasper County) by sands and
gravels of the Citronelle Formation. In these
places, the prairie surface is highly elevated
with pine forests like those of the Southern
Pine Hills Province.

Southern Pine Hills: The Southern
Pine Hills Province is a maturely dissected
Iﬁghland underlain by sand and clay units of
viiocene to Pliocene age, which produce a no-
ticeable cuesta along the province’s northern

edge. This highland slopes from elevations
above 500 feet in the north and west to about
100 feet along the southern and eastern mar-
gins. Capping the highest elevations of this
province are the graveliferous sands of the Pli-
ocene Citronelle Formation. The most signifi-
cant cuesta development is along the northern
margin, where sands and sandstones of the
Catahoula Formation overlie the Vicksburg
Group. South of Jackson this cuesta could be
called “radio ridge” as its higher elevations, in
an east-west line, are topped with television,
radio, and communication towers as well as
with water towers (Figure 16). The Citronelle
Formation and associated high-level terrace
deposits (figures 17-19) underlie the highest
elevations of southern Mississippi and rest dis-
conformably above, from north to south, the
Jackson and Vicksburg groups, and the Cata-
houla, Hattiesburg, Pascagoula, and Graham
Ferry formations. These units dip to the south
and their outcrop belts trend east-west arallel
to the general coastline of the northern Gulf of
Mexico.

Harris %1902, p. 35) illustrated the ele-
vated Citronelle surface of the Southern Pine
Hills in his profile of the Illinois Central Rail-
road from Manchac, Louisiana, to north of
Jackson, Mississippi. The highest elevations
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Figure 16. Interstate 55 South, south of Byram, Missis-
sippi, at_the rise of the Southern Pine Hills Physio-
graphic Province. Along the northern edge of this
cuesta are the water towers (left) and radio and commu-
nication towers (right) that serve Jackson and central
Mississippi. Picture (digital, CD 95; Image 1397) tak-
en on July 2, 2009.

3

Figure 18. James Starnes on road at the surface crest of
the Ruth Salt Dome at an elevation of 570 feet above

sea level with a view to the east of ridge-forming Cit-
ronelle terraces. Picture %color negative 592-2; Image
649) taken on September 11, 2006.

extended from Magnolia, Mississippi, in the

south, where the track was 415 feet above sea

level, to Crystal Springs in the north, where the
track was
Crystal S

rings, the grade dropped some 200
feet to 26% s ; &

feet where the tracks were elevated

above the Pearl River flood plain south of

Jackson. The town of Summit, Mississippi,
just north of McComb in Pike County was so
named because it was one of the high points (at
460 feet) between Jackson and New Orleans.

_ The Southern Pine Hills supported a
growing timber industry at the turn of the 20th

14

< .

Figure 17. View from terrace deposit at 580 feet west
of Cone Hill Church in the NW/4, NW/4, Section 33,
T. 5 N., R. 4 E., Rankin County, MlSSlSSleII‘.. Terrace
sands below contain pebbles composed of Tripoli and
no chert pebbles. Picture (slide 384-14; Image 26) tak-
en on September 14, 2004.

Figure 19. View of Citronelle-capped hills near Turkey
Ri gE in north-central Jasper County where the Citron-
elle Formation onlaps the Yazoo Clay. Picture (color
negative 560-16; Image 354) taken on November 15,
2005, looding east from a huntln%{camp dirt road in the
SW/4, NE/4, Section 8, T, 3 N,, R. 12'E. Ridge in the
dllstance reaches an elevation of 570 feet above sea lev-
el.

century. Virgin forests of long-leaf yellow
pines were cut for their decay- and insect-
resistant heartwood. None of them remain to-

64 feet above sea level. North of day. However, at one time, these forests con-

tained such large trees and lofty canopies that
the forest floors contained little undergrowth
and a man could ride through them on horse-
back at full fallop. Lowe (1911, p 151)
showed a stand of such trees. Mississippi For-
estry Commission Publication #76 divides this
province into the “Thin Loess, Lower Region”
some distance west of the Pearl River and the
“Lower Coastal Plain Region” just west of the
Pearl River and extending below the Jackson




Figure 20. View to the northwest of the Yazoo and Figure 21. Western edge of the Loess Hills at the

1ssissippi River floodplains from the Loess Hills in Vlcksb_ur%,National‘Mili agfvPark in Vlcksburé% Mis-
the Vicksburg National Mlhtar\\/,Park at Vicksbur sissippi. Picture (digital, D 98; Image 1399) tak-
M15$1551p§1. icture 6(d1 ital, DVD 98, Image 139 en on September 26, 2009.
taken on September 26, 2009.

Prairie to the Alabama state line. The western
sector was characterized b¥ the following com-
mercial tree species: loblolly pine, longleaf
Bme shortleaf pine, spruce pine, sweet gum,

lack gum, yellow poplar, red oak, white oak,
beech, elm and hickory. The eastern sector
was characterized by: longleaf pine, slash pine,
loblolly pine, shortleaf pine, spruce pine, oak,
sweeit gum, black gum, hickory, and swamp
tupelo.

' B. L. C. Wailes gave the following po-
etic description of the Southern Pine Hills' vir-
ﬁln forests in an address to Jefferson College
dated October 1844: "Extending northward
into the interior above the former limits of
West Florida the surface becomes higher, more
undulating and occasionally quite broken.
Here the fimber becomes larger, and over con-
siderable tracts the long leaf pine usurps al-
most exclusive dominion. Straight massive
and branchless to near the top, which seems to
sgread a canopy in the blue ether of the skies,
there is a grandeur and majesty in these trees

eculiar to such forests alone. Far removed
rom human habitation, on every side an inter-
minable vista of towering columns is presented
broken by no moving object or sign of living
thing, whilst the gentle breathing of the winds,
through the pinated foliage of the lofty canopy,
comes down upon the ear like the distant
moaning of a gathering storm filling the lonely
traveler with a sense of solitude almost oppres-
sive."

_ Loess Hills: The Loess Hills Physio-
ﬁraphlc Province is a rugged terrain that bor-
ers the eastern edge of the Mississippi River

Alluvial Valley from the Tennessee to the Lou-
isiana state lines. Peculiar to the topography of
the Loess Hills are the high vertical stream
cuts, which demonstrate the ability of the loess
to maintain high wall without significant ero-
sion. It is here during the last ice age that
floodplain silts were carried in dust storms by
westerly winds to accumulate in thick layers
along the eastern valley wall and beyond. This
soil can be seen in the vertical highway cuts of
the Vicksburg area and elsewhere. It contains
the fossil shells of Pleistocene land snails and
sometimes the bones of extinct mammals, such
as the mastodon.

~ Mississippi Forestry Commission Pub-
lication #76 divides the Loess Hills into the
“Thick Loess, Upper Region from Warren and
Hinds counties northward and the “Thick Lo-
ess, Lower Region” from Claiborne County
southward. The upper region was character-
1zed bly the following commercial tree species:
loblolly pine, shortleaf pine, black gum, red
oak, white oak, beech, hickory, and elm. The
lower region was characterized by: red oak,
white oak, loblolly pine, sweet gum, ash,
beech, hackberry, elm, sycamore, and yellow
poplar. The Clark Creek Natural Area, a 700-
acre tract of land in southwestern Wilkinson
Cougiy, boasts world record big trees, includ-
ing Mexican plum and bigleaf snowbell and a
state record big hophornbeam.

A vibrant cotton industry grew on the
loess soils of Natchez, Mississippi, in the early
1800s and spread to present-day Vicksburg
and to the loess belt of northwestern Mississip-
pi and western Tennessee. The loess soil was
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rich in bases, had silt-sized particles that made
water avallaf)le.to plants, plowed easily, and
dried up for spring lell_antmg. This rich soil at-
tracted settlers to 1ss1ssq§)1 from the East.
The loess hills out-produced the Delta during
most of the antebellum period, and the loess
hills cotton of southwestern M1351551881 built
the mansions of Natchez (Douglas, 2000). The
Loess Hills and soil also played an important
role in Civil War fortifications (figures 20-21)
during the 1863 battle of Vicksburg (see the
Vicksburg National Military Park under the
“Loess” section).

Bluff Line Slope Failures and “The
Devil’s Punch Bowl.” Slope failures along
the Bluff Line from Yazoo City south to
Natchez are common. Logan (1916, p. 65) il-
lustrated: “A Great Slide of Vicksburg Lime-
stone on the River Front Below the Water-
works at Vicksburg.” Vestal (1942, p. 14) re-
ported “a special feature” of the Bluff Line in
Adams County to be “a number of huge deep
hollows or vertical-walled coves, formed b
subaerial erosion working in conjunction wit
ground-water sameg of the underlying sands,
producing land slips.” He further noted that:
‘At least one of these, ‘The Devil’s Punch
Bowl,” has recently been well advertised local-
1?/.” Kane (1947, p. 68) described “The Dev-
iI’s Punch Bowl,” around the turn of the centu-
ry in 1800, as an awesome phenomenon
where: “Far_in the past, a great cup-shaped
hole, about five hundred feet wide, had formed
in the soft earth of the river bluffs.” This site
“became a spot to be gossiped about, and
feared.” It was also a site where the bodies of
those robbed and murdered by the Mason
Gang along the Mississippi River and Natchez
Trace were dumped.

The Devil’s Punch Bowl near Natchez
was the site of Dr. J. L. Riddell’s tabloid sci-
ence-fiction/hoax story entitled “Orrin Lind-
se%y’_s plan of aerial navigation, with a narrative
of his explorations in the higher regions of the
atmosphere and his wonderful voyage round
the moon,” which was published on the front
gage of the August 13, 1847, issue of The

outhron, a weekly newsPaper.prlr.lted in Jack-
son, Mississippi. Riddell’s scientific achieve-
ments covered the fields of medicine, botany,
chemistry, %eology, and physics. He was the
professor of chemistry at the Medical College
of Louisiana in New Orleans (now Tulane Uni-
versity) at the time of “The Devil’s Punch
Bowl!” publication. Later, in 1851 and 1852,
he invented and developed the binocular mi-
croscope (Riess, 1977; Skinner, 1983).

_ Alluvial Plain. The Mississippi River
Alluvial Plain Physiographic Province, also
known as the Yazoo Basin, is the richest agri-

cultural area of Mississippi and has been ex-
tensively cleared for the planting of cotton and
other crops. It is a flat terrain underlain by
over a hundred feet of Mississippi River alluvi-
al sediments, the surface of which slopes from
210 feet above sea level at the Tennessee line
to 94 feet at Vicksburg. There is also a gentle
eastward slope from the Mls_s1551p}zl)1 River lev-
ee and into the Yazoo Basin. Alluvial sedi-
ments generally consist of clays and silts in the
u;o);o)er part, which produce vertisols (Douglas,
2000), and sands and gravels in the lower part.
The latter comprise the alluvial aquifer, an im-
portant groundwater source for crop irrigation
and catfish ponds.

Lowe (11915) noted the forest cover of
the Alluvial Plain, named as the “Yazoo Del-
ta,” to include: red oak, white oak, overcup
oak, elm, ash, cypress, red gum, tupelo gum,
gecan, hickory, cottonwood, maple, magnolia
eech, basswood, and hackberry, with the re

gum and tupelo gum comprising more than
0% of the whole.

Coastal Meadows. The Coastal Mead-
ows was a pine forest in Wailes' day, who de-
scribed it as follows (1844): "The pine forest
commences immediately on the seaboard with
a slight margin of live oak sparsely inter-
spersed near the water's edge presenting a very

at surface and being to a considerable extent
during the winter rains of a wet miry nature,
the timber being generally rather inferior in
size but closely set.”

] Lowe (19135, p. 35) noted the “Kitchen-
middens,” or shell heaps deposited by Native
Americans, at the mouth of the Pascagoula
River were often partially submerged and com-
posed almost entirely of freshwater clams at
the base, contained brackish-water clams in the
middle, and saltwater clams at the top similar
to those presentgr living at the site. This se-
quence suggested a rise in sea level and partial
submergence of the coastal zone.

ECOREGIONS

Ecoregions are a concept utilized by
the U.S. Environmental Protection Agency to
denote “areas of general similarity in ecosys-
tems and in the type, quality, and quantity of
environmental resources.” At the resolution of
ecosystems of “level III” there are only four
ecoregions recol%nlzed in Mlss1ss1%p1. These
are: (% the Gulf Coastal Plain bedrock areas
identified as “65. Southeastern Plains,” (2) the
Mississippi River Alluvial Plain identified as
“73. Mississippi Alluvial Plain,” (3) the Loess
Hills identified as “74. Mississippi Valley Lo-
ess Plains,” and (4) the Coastal Meadows 1den-
tified as “75. Southern Coastal Plain.”
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Ecoregions at Level IV resolution
break out into areas similar to those of the
state’s physiographic regions (Figure 22) and
follow the underlying bedrock geology. The
following ecoregions are from the “Ecoregions
of Mississippi” map published by Chapman et
al. (2004) and are listed according to the age of
the underlying bedrock (Figure 2.6).

~65j. Transition Hills. This region is
equivalent to the northeastern part of the
Tombigbee and Tennessee River Hills Physio-
graphic Province and is laréely underlain by
sands and gravels of the Cretaceous Tusca-
loosa and Eutaw groups with some streams
cuttm% into Paleozoic rocks of M1ss1ss1p%1an
aFe. This region contains some of the highest
elevations within the coastal plain and is for-
ested in oak, hickory, and pine with the chest-
nut oak (Quercus prinus) and the Virginia pine
(Pinus virginiana? representing a distinguish-
ing character of the region.

~ 65i. Fall Line Hills. This region is
equivalent to the western and south-central
F_IQI"[IOH of the Tombigbee and Tennessee River
ills and is laréellgr underlain by sands of the
Coffee Sand and Eutaw Group. The terrain is
one of steep and highly dissected hills with
narrow ridge tops an Valle}fs covered in oak,
hickory, and pine forests. The shortleaf pine
Pinus echinata dominates the ridge tops and
only small areas are used for pasture or crops.
Elevations range mostly from 400 to 700 feet
and include the state’s highest elevation of 806
at Woodall Mountain.

65b. Flatwoods/Blackland Prairie
Margins. This region is a combination of two
separated and slightly different north-south
trending belts, the Blackland Prairie Margins
on the east and the Flatwoods on the west.

Blackland Prairie Margins. The
Blackland Prairie Margins Ecoregion is the
western portion of the Tombigbee and Tennes-
see River Hills Physiographic Province and is
transitional between the hills to the east and
the Black Prairie to the west. In its northern
reaches, it overlies the Coffee Sand, and, in its
southern reaches, it overlies the Mooreville
Chalk. This region contains undulating and
irregular plains having more relief than the
Flatwoods but having a similar clayey soil with
generally poor drainage. The land cover is
mostly mixed forest, pasture, and some
cropland.

65a. Blackland Prairie. This region is

underlain by Cretaceous chalks and marls of

the Cretaceous, Selma Group, which produce
clayey smectitic soils that shrink and swell
when dry and wet. The natural vegetation con-

sists of sweetgum (Liquidamber styraciflua),
post oak (Quercus stellata), blackjack oak (Q.
marilandica), and red cedar f(Jum’perus virgini-
amé), along with patches of bluestem prairie.
Today the area is mostly cropland and pasture
with some pond-raised catfish.

65b. Flatwoods. This region is equiva-
lent to the Flatwoods Physiographic Province
and consists of forested plains or lowlands
with little relief formed on the Paleocene Por-
ters Creek Clay.

65e. Northern Hilly Gulf Coastal
Plain. This region extends north to the Ken-
tucky-Tennessee border, but represents two
different and separated north-south trending
physiographic rg:flons in Mississippi, including
the Pontotoc Ridge on the east and the north-
ern portion of the North Central Hills on the
west. The U.S. EPA did not recognize the
Pontotoc Ridge as a separate ecoregion in Mis-
sissippi because it was not recognized as such
in Tennessee, and mapping units were de-
signed to be contiguous across state lines. The
Pontotoc Ridge overlies marls and sands of the
Ripley Cuesta where soils have a reddish col-
or. West of the Flatwoods, the ecoregion over-
lies sandy strata of the Tertiary upper Midway,
Wilcox, ‘and Claiborne groups. The distin-
ishing character between the Northern and
Southern Gulf Coastal Plain is a cooler climate
in the north and a Ereaper density of upland
hardwood forests than in the south. = The
boundary between these ecoregions is an east-
west line apﬁr_ommately along the coarse of the
Yalobusha River and just north of the divide
separating tributaries of the Yazoo River Basin
to the north and the tributaries of the Big Black
River to the south. This line follows the east-
west boundary between the “North Central
Plateau” and “South Central” forest regions of
Dunston (1910, p. 6). Dunston (/bid, p. 28)
noted the chief difference between these re-
gions as follows: “The north central plateau is
an old agricultural section, while a large part of
the south central region is covered with forest
growth and has never been in cultivation.”

65d. Southern Hilly Gulf Coastal
Plain. This region includes the southern ex-
tent of the North Central Hills Physiographic
Province and the northern extent of the South-
ern Pine Hills with the exclusion of the Jack-
son Prairie in between. The Southern Hilly
Gulf Coastal Plain extends into the western
edge of Georgia and contains cuestas of higher
elevation founded on sandy units of Paleocene,
Eocene, Ollgoce;ne, and Miocene age as well
as the upland Pliocene sands and gravels of the
Citronelle Formation along its southern mar-
gin. This region has a warmer climate and
more pines than the Northern Hilly Gulf
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Coastal Plain. It grades from a mostly oak-
hickory-pine forest in the north into a mixed
forest and longleaf pine forest in the south.
Land cover is mostly forest with pasture and
some cropland.

~_ 65q. Buhrstone/Lime Hills. This re-
gion includes the Tallahatta and Lisbon cuestas
and the Jackson and Vicksburg limestone ter-
rains in Alabama. In Mississippi, it is largely
restricted to the Tallahatta Cuesta in the south-
ern extent of its range. This cuesta forms a
rugged, north-facing escarpment with well-
drained and sandy soils. Streams have a higher
gradient and rocKky bottoms in this region.

65r. Jackson Prairie. This region is
much the same as the physiographic province
of the same name and consists of a narrow belt
of irregular plains and broad hills developed on
the Late Eocene Yazoo Clay. This calcareous
cla(;/ produces alkaline clayey soils that shrink
and swell when dr]y and wet. Historic vegeta-
tion includes mostly mixed hardwood and pine
forest with a scattering of prairies. Today
much of the region is forested in pine planta-
tions with some pastures and row crops.

~ 65f. Southern Pine Plains and Hills.
This region includes the southern extent of the
Southern Pine Hills Physiographic Region, ex-
tends across southern Mississippi and Ala-
bama, and covers what was once part of the
longleaf pine belt. Almost all the original
heartwoo }?me forests are now gone and re-
Elaced by slash and loblolly pine plantations.
ndangered species of the region include the
red-cockaded  woodpecker, lgo her tortoise,
eastern indigo snake, and black pine snake.
Bedrock units consist of Miocene sands and
clays with the Pliocene sands and gravels of
the Citronelle Formation occupying the higher
elevations. Streams of the region tend to be
tannin-rich, dark-tea in color, and more acidic
gllar} these of the Southern Hilly Gulf Coastal
ain.

65p. Southeastern Floodplains and
Low Terraces. This region includes the flood
plains and terraces of the Tombigbee, Pearl,
and Pascagoula/Leaf/Chickasawhay  rivers.
These riverine ecoregions contain swamps and
oxbow lakes and forests of bald cypress
(Taxodium distichum), water tupelo 8] lyssa
aquatica), and oak-dominated hardwood bot-
tomlands. Low terraces are forested, with
some utilized for pasture or cropland.

73a. Northern Holocene Meander
Belts. This region contains the meander belt
of the present course of the Mississippi River
and the abandoned channels of previous cours-
es, including point bars, oxbows, natural lev-

ees, and abandoned channel environments.
The meander belt is an alluvial ridge that is
elevated above the more distant floodplain and
back swamps. Natural levees are the most
conspicuous landform, and the alluvial soils
tend to be loamy. The original hardwood for-
ests have been removed from this region to
make way for cropland, with cotton as the pri-
mary crop.

73b. Northern Pleistocene Valle

Trains. This region is made up of braided-
stream alluvium from Pleistocene glacial out-
wash deposits carried by the Mississippi and
Ohio Rivers. Valley train deposits make u
about 54% of the entire Mississippi River Al-
luvial Plain but comprise a smaller area of the
Alluvial Plain/Yazoo River basin in Mississip-
11311, where they were largely eroded away in

olocene times. Here remnant valley ftrain
landscapes are of Late Wisconsin age, dating
some 10,000 to 20,000 years before the pre-
sent, and the land is at or slightly higher than
the Holocene Alluvial Plain. The original
hardwood forests have been largely replaced
by cropland of soybeans and some cotton.

~ 73d. Northern Back Swamps. This
region consists of poorly drained floodplain
and wetland depressions with clayey organic-
rich soils. Forested hardwood bottomlands are
more prevalent than in the adjacent meander
belts, with cypress and tupelo in the wetter are-
as, but much of the land has been drained for
pasture lands and catfish ponds.

73k. Southern Holocene Meander
Belts. This region extends from just north of
Natchez, Mlss1551PE1, to south of New Orleans,
Louisiana. It is like the meander belts to the
north but has a longer growing season and
more precipitation. Bottomlands have been
largely cleared for cropland, and the levee sys-
tem is extensive.

~ 73m. Southern Backswamps. This
region is like the backswamps to the north but
has a warmer climate and more precipitation.

74a. Bluff Hills. This region consists
of Tertiary bedrock and %ravehf_erous pre-loess
terrace deposits capped by a thick layer of lo-
ess, often greater that 50 feet in_thickness.
Waterfalls are common along the Bluff Hills,
such as where the Glendon Limestone is pre-
sent around and north of Vicksburg and sili-
ceous sandstones are present at Clark Creek in
Wilkinson County and elsewhere. Here stream
gradients cut through rock ledges and drop ab-
ruptly to the level of the Mlsslss1%p1 River Al-
luvial Plain. The Bluff Hills have steeper
slopes, are more dissected, and are generally
more forested than the Loess Plains to the east.
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Figure 22

Ecoregions denote areas of general similarity in ecosystems and in the type, quality, and quantity of
environmental resources. They are designed to serve as a spatial framework for the research,
assessment, management, and monitoring of ecosystems and ecosystem components. The approach
used to compile this map is based on the premise that ecological regions can be identified through the
analysis of patterns of biotic and abiotic phenomena, including geology, physiography, vegetation,
climate, soils, land use, wildlife, and hydrology. The relative importance of each characteristic varies
from one ecological region to another regardless of the hierarchical level. The Ecoregions of
Mississippi map was compiled at a scale of 1:250,000. Compilation of this map is part of a
collaborative project primarily between the US EPA, MS DEQ, USDA-NRCS, as well as with other
state and federal agencies. Comments and suggestions regarding this map should be addressed to
Glenn Griffith, Dynamac Corp., ¢/o US EPA, 200 SW 35th Street, Corvallis, OR 97333, (541) 754-
4465, griffith.glenn@epa.gov: Jim Omernik, U.S. Geological Survey, 200 SW 35th Street, Corvallis,
OR 97333, (541) 754-4458, omernik.james @epa.gov; or Mike Beiser, MS DEQ, 1542 Old Whitfield
Road, Pearl, MS 39208, (601) 664-3959, mike_beiser@deq.state.ms.us.
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The natural forests of the region are of the oak-
hickory type but also include beech, sugar ma-

le, sweetgum, basswood, eastern hophorn-

eam, and fulip poplar. Forests in the southern
reaches_of the region contain more southern
magnolia, water oak, and Spanish moss. The
Bluff Hllis are a place of landslides and ongo-
ing erosion where slopes lack adequate vegeta-
tion.

74b. Loess Plains. This region con-
sists of rolling hills and a thinner layer of lo-
ess, which often rest directly above Tertiary
bedrock in areas where the pre-loess terrace
deposits are absent. It was once the most high-
ly productive agricultural area in Mississippi,
but now many areas are glanted in pines or
have reverted to a mixed forest landscape.
Streams and rivers tend to have a low gradient
and are sediment-filled in the downstream
reaches due to past cultivation and erosion.

74c. Southern Rolling Plains. The
loess cover of this region drapes an irregular
and dissected t(%ple/lgraphy develo(?ed above
sands and clay of Miocene age and, at higher
elevations, graveliferous sands of the Pliocene
Citronelle Formation. The reﬁion has a warm-
er climate and greater rainfall than the Loess
Plains to the north. The land cover is largely
ine plantations or loblolly and shortleaf pine
forests having a higher pine concentration than
in the Bluff Hills or Loess Plains to the north.

75. Southern Coastal Plain. This lev-
el III region extends from South Carolina and
Georgia through central Florida and along the
Gulf Coastal lowlands of the Florida Panhan-
dle, Alabama, and Mississippi. Level IV re-

ions include the Quaternary terraces and delta
eposits of the Gulf Coast Flatwoods (75a),

the riverine ecor%%ions of the Floodplains and
Low Terraces (75i

1)\;[and the Gulf Barrier Is-
lands and Coastal Marshes (75k).

SURFACE ELEVATIONS AND RIVER
BASINS

Mississippi ranks fourth as the flattest
of the 50 states, ranging from sea level on the
coast to 806 feet above sea level on the summit
of Woodall Mountain in Tishomingo County.
The next flattest states include Louisiana (535
feet above sea level at Driskill Mountain in
Bienville Parish to 8 feet below sea level in
New Orleans), Delaware (448 feet above sea
level on Ebright Road at the Pennsylvania
State Line to sea level), and Florida (345 feet
above sea level at Britton Hill in Walton Coun-
ty to sea level) (data modified from Van Zandt,
1976, p. 174-175). However, the difference
between a state’s highest and lowest elevations
is just one measure of relief. Along the eastern

side of the state, the line connecting Woodall
Mountain to the coast runs almost the entire
length of the state. However, this line is not a

radual slope, but a profile highly dissected by
the Tombigbee River Valley in the north and
the Chun y-Chlckasawhay-Pascegoula river
valleys in the south (Figure 22). On the west-
ern side of the state, one of the highest eleva-
tions on the Illinois Central Railroad is not in
the north but in the south at the Town of Sum-
mit in Pike County, Mississippi.

~ Mississippi owes its_existence as dry
land in C{)e_lrt to regional uplift of the coastal
lain and in part to the present lowstand in sea
evel. Williams and Ferrigno (1999) estimated
that global sea level would rise by 80.44 me-
ters or 264 feet if the world’s ice sheets and
glaciers melted. A sea level rise of this magni-
tude would flood coastal Mississippi, the Mis-
sissippi “Delta,” the Big Black River Valley to
the town of West in northwestern Holmes
Count% and the Pearl River Valley to Jackson.
In the Tombigbee River Valley, a sea-level rise
of 264 feet would flood Columﬁus, West Point,
Aberdeen, and Amory and place Starkville on
beach-front property (Dockery and Mason,
2002). While most of the world’s glacial ice is
stored in Antarctica, Schlermeier (20049 tpre—
dicted a sea-level rise of seven meters (23 feet)
if Greenland’s ice sheet were to melt.

] Ten counties in Mississippi have eleva-
tions greater than 700 feet above sea level; the
six highest are contiguous counties in the
northeastern corner of the state and the next
four highest are contiguous counties in central
Mlss1s‘s1plp1. In order of highest to lowest,
these include: (1) TlShOl’nll}gO County with a
maximum elevation at 806 feet above sea lev-
el, (2) Prentiss County at 791 feet, (3) Tlpgah
Count%/)at 787 feet, (4) Alcorn Countg) at 785

feet, (5) Benton County at 769 feet, (6) Union
Countg at 760 feet, (7) Choctaw Count9y at 726
feet, (§) Winston at 720 feet, (9) Attala

oungr
County at 720 feet, and (10) Neshoba County
at 708 feet.

The most rutgged Mississippi counties,
those with a relief o 500 feet or more, include,
in descending order of relief: (1) Kemper
County with Towest and highest elevations of
116 to 662 feet above sea level and a relief of
546 feet, (2) Noxubee County with lowest and
highest elevations of 104 to 643 feet and a re-
liet of 539 feet, (3) Attala County with lowest
and highest elevations of 205 to 720 feet and a
relief of 515 feet, (4) Lauderdale County with
lowest and highest elevations of 159 to 669
feet and a reliet of 510 feet, (5) Prentiss Coun-
E/y with lowest and highest elevations of 288 to

91 feet and a relief of 503 feet, and (6) Jeffer-
son County with lowest and highest elevations



21

of 23 to 524 feet and a relief of 501 feet. With
the exceptions of Jefferson Count]y, which ex-
tends from the high Citronelle plateau to the
Mississippi River, and Attala o_un]‘?/, which
contains the divide between the Big Black and
Pearl River flood plains, the other counties
straddle the Wilcox cuesta and the eastern di-
vide of the Tombigbee River Drainage Basin.

The “Did You Know That” section of
the May 1955 issue of the Mississippi Geologi-
cal Society Bulletin states: Some tributaries of
the Big Black River are rapidly cutting back
into the Pearl River drainage basin. The divide
between the two systems 1s only a mile north-
west of the Pearl River, a few miles northeast
of Jackson.” Priddy (1960, p. 28) noted the
Big Black-Pearl River divide to be “one of the
most unusual physiographic features in Madi-
son County.” Here the divide is so close to the
Pearl River on the county’s eastern boundary
that 95% of the county’s drainage flows north-
west to the Big Black River on the county’s
western boundary. The 25 creeks that cross
the Natchez Trace before entering the Pearl
River lowland are so short that they have no
names. Priddy also noted that the lowlands of
the Bl% Black River were 75 to 100 feet lower
than those of the Pearl, making it seem the
capture of the Pearl River by the tributaries of
the Big Black River to be imminent.

_ The flattest counties in Mississippi are
eight counties within the Mississippi River Al-
luvial Plain and include, beginning with the
flattest up: (1) Quitman Count%/ with lowest
and highest elevations of 135 to 186 feet above
sea level and a relief of 51 feet, (2) Leflore
Countfl with lowest and highest elevations of
92 to 155 feet and a relief of 63 feet, (3) Hum-
phreys County with lowest and hlgflest eleva-
tions of 75 to 141 feet and a relief of 66 feet,
(4) Sunflower County with lowest and highest
elevations of 80 to 152 feet and a relief of 72
feet, (5) Issaquena Count¥ with lowest and
highest elevations of 53 to 139 feet and a relief
of 86 feet, (6) Washington County with lowest
and highest elevations of 74 to 165 feet and a
relief of 91 feet, 57) Bolivar County with low-
est and highest elevations of 98 and 191 feet
and a relief of 93 feet, and (8) Coahoma Coun-
t2y with lowest and highest elevations of 116 to

12 feet and a relief of 96 feet. Should all the
ice in Antarctica and Greenland melt due to
global warming, these counties would be com-
pletely covered by the 264-foot rise in sea lev-
el to water depths ranging from 50 to 210 feet
below sea level. The data for county eleva-
tions used here came from the 10-meter Digital
Elevation Model constructed by Mississippi
Automated Resource Information Systems
(MARIS) in 2004.

. Van Zandt (1976, p. 105-106) gave the
history of the state’s boundaries, from the au-
thorization of the Mississippi Terrltorg: by
Congress on April 7, 1798, to a Supreme Court
ruling on February 26, 1974, concerning the
Luna Bar accretion caused by the westward
movement of the Mississippi River. Van
Zandt (/bid, p. 171) placed the geographic cen-
ter of Mississippi in Leake County “9 miles
west-northwest of Carthage.”

SURFACE GEOLOGY

The surface geology of Mississippi
shows the strong influence of the Mississippi
Embayment and the Gulf of Mexico Basin on
the orientation of outcropping formations with-
in the state. Eocene, Paleocene, and Creta-
ceous formations in the northern part of the
state have a north-south trending outcrop belt,
reflecting their location on the eastern flank of
the Mississippi Embayment. Late Eocene, Oli-
gocene, Miocene, and Pliocene formations in
southern MlSSlSSlpEl have outcrop belts trend-
ing from east-southeast to west-northwest, re-
flecting the greater influence of the Gulf of
Mexico Basin.

Unconformably overlying the Late Eo-
cene-Pliocene section in southern Mississippi
are the high-level, coast-parallel terraces and

raveliferous terrace deposits of the Citronelle
ormation. The Pleistocene loess belt of west-
ern Mississippi runs north-south at the margin
of the Mississippi River Alluvial Plain. Be-
neath the loess are pre-loess terrace sands and
ravels of the mid-Pleistocene Mississippi-
hio river systems, which are now perched
along the Mississippi River’s valley wall.

Paleozoic rocks of Devonian to Missis-
sippian age are exposed only in the northeast-
ern-most reaches of Mississippi. These out-
crops occur along Pickwick Lake, at the Bay
%prmgs Lock and Dam, and alonPF. the Bear

reek drainage area in and around Tishomingo
State Park.

The Geologic Map of Mississippi in
Figure 23 is a revision using element from
both the 1945 and 1969 editions of the state
map at the 1:500,000 scale. The state geologic
map is undergoing another revision as the state
is being remapped at the site specific scale of
7.5-minute topographic quadrangle feology
maps, a scale of 1:24,000. Figure 34 shows
the status of this work as of September 2018.
Maps shown as numbered Open File Reports
are available as paBer copies and as digital
files from MGEQ’s Office of Geology website.
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MISSISSIPPI’S RIVER BASIN GEOLOGY
David T. Dockery III, RPG, and Barba-

ra Yassin, from the November 2017 issue of Yazoo River Basin, drainin

Environmental News (volume 14, issue 10,
pages 9-12).

The bedrock geology of Mississippi is
a controlling factor in the distribution of soil
types, physiographic provinces, ecoregions,
and river %asms in the state. Figure 26 is a

raphic depiction of cuestas 1 the Gulf

oastal Plain from Nevin Fenneman’s (1938
Physiography of Eastern United States. Cues-
ta 1s_a Spanish word for *“flank or slope of a
hill;” in geolo%y it specifically refers to out-
crop belts that form a gentle slope down struc-
tural dip (in Mississippi to the west and south)
and a S'tee% opposing slope where strata are
eroded in their up-dip limits. In Mississippi,
the steep slopes of the Wilcox Cuesta face the
Tombigbee River Basin. The cross section of
Figure 26 is representative of the geology
along the Mississippi-Alabama state line from
Tennessee to the Gulf Coast. The two highest
hills in Mississippi are Woodall Mountain (806
feet above mean sea level) on the Fall Line
Hills Cuesta in the Tennessee River Basin and
Mt. Lebanon (790 feet) on the Ripley Cuesta
Pontotoc Ridge%) in the North Independent

treams Basin. Prairie low lands such as the
Black Belt, Flatwoods, and Jackson Prairie de-
velop on chalk and/or clay strata with low per-
meability and soils that do not support steep
slopes and are more prone to erosion due to
increased runoff.

Flatwoods

Buhrstone Cuesta
Red Hills

Southern Pine Hills
J L Jackson Prairie

Physiographic Regions

Pine Meadows

Figure 25 is a relief map of M.iSSiSSi,FEi with
the divides of major river basins. The five
largest river basins in order of rank include the
13,355 square
miles within the state, the Pascagoula River
Basin at 9,600 square miles, the Pearl River
Basin at 8,700 square miles, the Tombigbee
River Basin at 6,100 square miles, and the Big
Black River Basin at 3,400 square miles. The
divide between the Tombigbee River Basin
and the basins of the Pascagoula, Pearl, and
Big Black rivers is a ridge of high ground in

) elevation-coded colors of dark green and white

with white creating a snowc%)lped appearance
to the highest elevations. 1s high ground
drops to mid-level light-green-coded eleva-
tions along the divide of the Tombigbee and
Yazoo river basins before rising northward to
white elevations along a ridge known as the
Pontotoc Ridge extending southward from the
North Independent Streams Basin. Across the
low saddle, the divide jumps from the Paleo-
cene Wilcox Cuesta across strata to the Creta-
ceous Ripley/McNairy Sand Cuesta. The low
divide is associated with the curious fact that
flood plains of the Yazoo and Tombigbee river
basins in northern Mississippi are lower in ele-
vation than the Big Black, Pearl, and Pas-
cagoula in central Mississippi.

Figure 27 is a comFosite Mississippi map de-
picting surface geology, hillshade relief, and
major river basins. Labelled on the map i1s the
location of Little Mountain in Jeff Busby Park
on the Natchez Trace Parkway, a road that fol-
lows the divide of the Big Black and Pearl Riv-

0
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Figure 26. Cuestas in the Gulf Coastal Plain from Fenneman (1938).
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er divide northward to that point. Lit-
tle Mountain (Figure 28) is an outlier
of the high ground of the Wilcox Cues-
ta at the triple basin junction of the Big
Black, Pearl, and Tombigbee river ba-
sins. ~ The low elevations of the
Tombigbee River Basin are on the
soils of the Black Belt (Figure 27),
soils that develop from easily weath-
ered chalks and marls in the Selma
Group. Figure 29 is a LiDAR bare
earth hillshade relief image showing
rugged terrain along the western mar-
gin of the Tombigbee River Basin and
at the triple basin junction with the
Pearl and Big Black river basins. In
the east, the Tombigbee River Basin is
characterized by low prairie land; in
the west, the upper Pearl and Big

Eigﬁgrrlgfervggsolg: a;reldcharggzglzree(hleag Figure 28. View to the northeast from the Wilcox

This varied terrain correlates with the 1(\’,Iuesltla atT LiitlePMcl)(untain 1th eff Busby Pﬁrk 0%1 gle
; ; atchez Irace Parkway in the upper reaches ot the
varied bedrock geology beneath it. 1135 3Black River Balsin.y Picture l&?as taken in July of

Figure 29. LiDAR bare earth hillshade relief map showing the triple baskin junction of the
Tombigbee River Basin (east) and the Pearl and Big Black river basins (west). The Natchez
Trace Parkway is in green. Elevations are coded with golden yellow for low, brown for inter-
mediate, and lavender fo high.
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STREAM CAPTURE

David T. Dockery III, RPG, and Barba-
ra Yassin, from the December 2018 issue of
Environmental News (volume 15, issue 10).

Stream capture, also known as river
capture, river F1racy, or stream piracy, is a geo-
morphological phenomenon where a stream is
diverted from 1its own bed to flow down the
bed of a neighboring stream. Figure 30 from
Wikipedia is an illustration of one stream cap-
turing another by headward erosion. Once ero-
sion cuts through the stream basin divide, the
stream of the higher valley flows into the
stream of the lower valley, abandoning its
downstream course. This is the potential sce-
nario playing out along the western shore of
the Ross” Barnett Reservoir, where eastward
eroding tributaries of the Big Black River are
reaching a low narrow divide with the Pearl
River Basin and where the Pearl River flood-
plain hugs its western basin

Stream cap-
ture has played an
important role in cre-
ating the present
landscape of our
state. Even river ba-
sins are not perma-
nent. One evidence
of this is the river
sands and gravels
that now cap the
highest elevations of
southern Mississippi
and elsewhere, a
complete  reversal
from river bottom to
river divide and high
plateau.

Figure 30. Steam cap-

ture b
sion (

headward ero-
ikipedia).

margin. An erosional break- |
thrmﬁh here would capture
the Upper Pearl River and
add its water shed to that of
the Bi% Black River Basin.
As the Big Black River flood-
plain is a hundred feet lower
than that of the Pearl River, it
would also reverse water flow
along the abandoned down-
stream channel. Even so, the
recarious Big Black-Pearl
iver divide has been stable
over historic time and is in no
immediate danger of failing.

_ Figure 31 shows trib-
utaries of the Big Black River
against the divide’s western
margin. The red line (Profile
A-A’) in figures 2 and 3 is a | |
distance of about 1,800 feet
between Reservoir’s western | |
shore at 294 feet above mean | |
seas level and the 294-foot
contour on the western side
of the divide. The 294-foot
contour line in Figure 32
separates the divide ridge
from areas west of the divide
that are lower than the Reser-
voir pool level. The crest of | |
this divide as shown in Fig-
ure 33 is only fifty feet high-
er than the pool level. is

narrow low isthmus is all that
keeps the Big Black and Pearl
River Basins in place.
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SOILS AND SURFICIAL GEOCHEMISTRY

o Soils in Mississippi are weathered surf-
icial deﬁosus derived from: (1) “bedrock” stra-
ta, (2) the fine-grained surfaces of alluvial fills,
which are the average of a river or stream
basin’s weathered bedrock composition, and
(.:aj) loess, the largely windblown dust transport-
ed from glacial rock flower deposited on the
Mississippi River Alluvial Plain. Soils devel-
oped on Mississippi’s Loess Belt were some of
the richest soils in the state and promoted plan-
tation farms along the M1s51551ﬁp1 River from
Natchez, Mississippi, to Memphis, Tennessee.
As farm land became less productive along the
eastern seaboard, many farm families migrated
west to Mississippi. The writer’s family was
part of this magratlon, a great-great uncle buy-
1n8g5 three land patents of 160 acres each in
1838, two in Benton and one in Marshall
County, before settling in the town of Hernan-
do in DeSoto County Mlss15s1ppb1. He was
soon joined by other famlly members moving
west from the tired Piedmont and Triassic Ba-
sin soils of Richmond County, North Carolina.

~ Eugene W. Hilgard, Ph. D., the fourth
and sixth State Geologist of Mississippi and
Director of the MlSSlSSl§)J7)1 Geological Survey
from 1858-1866 and 1870-1872, published a
statewide soil survey in his 1860 Report of the
Geology and Agriculture of Mississippi. Hil-
gard’s 1nitial field work in Mississippi led him
to the conclusion that a geologic survey could
not “maintain itself in public esteem on the
basis of mineral discoveries, and that it must
seek its main support in what services it might
render to agriculture” (Amundson and Yaalon,
1995). Hilgard noted a close connection be-
tween bedrock geology and surface vegetation
and utilized floral assemblages in mappmlgI for-
mations and searching for outcrops. Howe
(1964) published a brief history of Hilgard’s
work as a geologist.

During his work in Mississippi, Hilgard
developed concepts with respect to soil survey-
ing that he promoted for the next 30 years, in-
cluding (1) the relation of soils and bedrock to
vegetation types, 512) soil stratification (i.e. soil
and subsoil), (3) the importance of soil chemi-
cal analysis, and (4) and the use of geologic
maps and physiographic provinces in deter-
mining the = distribution of soil types
(Amundson and Yaalon, 199}3), The later con-
cept can be seen in Hilgard’s (1884
“Agricultural Map of the State of Mississippi,
which shows regions of physiography and veg-
etation types. Hilgard moved to Berkeley, Cal-
ifornia, in 1875, where he developed a College
of Agriculture and set up soil experiment sta-
tions. Jenny (1961) acknowledged Hilgard’s
pivotal role in the “birth of modern soil sci-

9

ence,” while Pittman (1983) acknowledged
that Hilgard was “renowned as ‘the father of
soil science.”” According to Bograd (1993),
Hilgard was acknowledged both as “Father of
Gulf Coast Geology” and as “Father of Soil
Science.” A memorial to him, detailing his
career and publications, was written by the
(Sl‘[gtle7)C}e010glst of Alabama, Eugene A. Smith

Hilgard (1907, p. 487-510) published a
textbook on soils entitled “Soils: Their For-
mation, Properties, Composition, and Relations
to Climate and Plant Growth in the Humid and
Arid Regions,” which, in Chapter 24, included
a section on his soil studies in Mississippi. In
this chapter under the headmﬁ “Vegetative
belts in northern Mississippi,” Hilgard recog-
nized the following north-south trending re-

ions (gub-belts not included): (1) Limestone
3elt above a narrow belt of Carboniferous
limestones, (2) Pine Hills above non-
calcareous Cretaceous beds 9) Prairie Belt
above Cretaceous chalk, 4) Pontotoc Ridge
above sands of the Ripley Group and overlying
formations, (5) Flatwoods above the Porters
Creek clay, (6) Brown Loam Table Lands on
loess cover and sandy Tertiary formations, (IZ)
Cane Hills equivalent to the Loess Hills on the
eastern bluff adjacent the Mlss1ss11£)p1 River
Alluvial Plain, and (8) Mississilla)ﬁ)i ottom on
the Mississippi River Alluvial Plain. Hilgard
also recognized a “Central Prairie” across the
middle of the state, developed on calcareous
Tertiary beds with oak and hickory growth,
south of which was the “long-leaf-pine forest
area of the state.” In the “Pine Meadows” of
coastal Mississippi, Hilgard noted the stunted
rowth of pines and cyPre‘ss, two trees usually
ound in mutually exclusive habitats, sharing
the same sour sandy soils of the coastal flats.

~The U. S. Department of Agriculture
established a Division of Agricultural Soil in
1884, which built on the work of Hilgard, es-
pecially in his work in the West on developing
methods to identify soluble salts. The Division
of Soil (new name) began work in earnest in
1899 on cooperative soil surveys with the vari-
ous states. In Mississippi, this cooperative ef-
fort led to soil maps of Yazoo area in 1901, the
Smedes area in 1902, and the Biloxi and Jack-
son areas in 1904. A cooperative effort with
the Mississippi Geological Survey led to the
1908 publication of the Oktibbeha County soil
survey. This effort produced 25 county soil
publications from the 1908 Oktibbeha County
survey to the Harrison County soil survey
published in 1928. Later county soil surveys
were published in a cooperative effort with the
Mississippi Agricultural Experiment Station at
MISSISSIEFI State University. County soil sur-
veys published since 1955, which are still in
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rint, are available from local Soil and Water
“onservation District offices, Mississippi A]%-
ricultural Forestry Experiment Station, and the
National Resources Conservation Service in
Jackson, Mississippi. Of the 12 soil orders
broad soil groups) recognized in the United
tates, 8 occur in Mississippi (Pettry, 2006).

Caplenor et al. (1968) described the
affect of loess cover on forest conditions in
west-central Mississippi. They found the flora
of the thick loess deposits in the Bluff Hills
north of Vicksburg to be characterized by: (1)
dominance of mesophytic hardwoods contain-
ing sweetgum, basswood, water oak, poplar
(tuliptree), cherrybark oak, and bitternut, (2)
importance of calciphiles, (3) importance of
cane in upland sites (as o Z{)osed to its usual
lowland occurrenc}:‘?, and ?) the presence of
the umbrella tree Magnolia acuminata. Camp
Kickapoo in northwestern Hinds County was
selected as the site for the study of “vegetation
in the area of thin loess.” This area was domi-
nated by mixed hardwoods, including beech,
black gum, black oak, mockernut hickory,
white oak, sourwood, and sweet gum. The
shrub layer contained saplings of the above
and witch hazel, wild black cherry, highbush,
huckleberry, winged elm, and flowering dog—
wood. The disturbed hﬂltOES and rolling lands
were dominated by post oak, Spanish oak, and
blackjack oak. Caplenor et al. (1968?_ found
the principal environmental factor delimiting
flora communities to be the availability of wa-
ter. Thick loess was found to have a higher
percentage of moisture than did the thin loess
and thus had a flora most like that of non-loess
bottom lands.

Other rich Mississippi soils developed
on the Black Prairie above weathered Creta-
ceous chalks of the Selma Group and on the
Jackson Prairie above weathered Late Eocene
clay of the Yazoo Formation. Prairie openings
are anomalous in Mississippi due to the state’s
humid climate, which promotes dense forest
§rowth. However, Hilgard (1860, p. 254-272,

30-347) noted the presence of open prairies in
the “North-Eastern Prairie Region” (Black
Prairie) and the ‘“Central Prairie Re-
gion” (Jackson Prairie). Moran (1997) cited
early writings about Black Prairie and Jackson
Prairie and classified the soils of four native
prairie remnants of the Jackson Prairie as ‘““fine
and very fine, smectitic, thermic Chromic Hap-
luderts on level to tgen‘gly s]opl_nﬁ'upland posi-
tions.” This classification is “indicative of the

high shrink-swell potentials and high color val-
ues inherited from the Yazoo Clay.”

~Pettry and Switzer (1993) noted that
shrinking and swelling in the Yazoo Clay pro-
duced an uneven, hummocky micro-relief,
which Hilgard .(186(.)) referred to in Smith
County, ississippi, as  “hogback” or
“hogwallow” (Figure 15). This micro-relief is
presently referred to as Gilgai, an Australian
Aborigine word for seasonal water accumula-
tions 1n the “hogwallows.” Pettry and Switzer
(%993]% listed the acreage of expansive soils in
the “Blackland Prairie,” “Interior Flatwoods,”
“Delta,” “Coastal Plain,” and “Loess” of Mis-
sissippi and found these soils to cover 18% of
the state, with the largest acreage in the Black-
land Prairie and Delta.

Thompson et al. (1998) discussed the
methodology and sample coverage for a sur-
face geochemistry survey of M1s51351pﬁn.
Thompson et al. (2002) gave the survey results
for the minimum, median, and maximum val-
ues of arsenic, selenium, mercury, copper,
lead, and zinc found statewide. They noted the
Delta and Gulf Coast to have significantly
higher baseline values of these toxic metals
when compared to adjacent terrains (Figure
34). Leslie (2004) gave an update and web
address for the National Geochemical Survey
by the U. S. Geological Survey, which showed
the survey completed in Mississippi as depict-
ed in a national map of arsenic values.

_ Pettry and Switzer (2001) reported on
arsenic concentrations in selected 1551ss1pgl
soils and listed arsenic concentrations accord-
ing to the parent bedrock materials from which
the soils developed. They noted a correlation
between high iron and arsenic contents and
found the highest arsenic values in the Winona
Formation and Mississippi River alluvium of
the Delta region.

~ Pettry et al. (1988) reported landslides
(soil mass movements) in particular soils de-
veloped on  the  “Ackerman  For-
mation” (=Nanafalia Formation) of the Wilcox
Group in southeastern Choctaw and northwest-
ern Winston counties. These landslides oc-
curred on slopes of 12% to 50% and on_ soils
mapped_as the Maben-Providence association
in the Choctaw County soil survey report (U.
S. Department of Agriculture Soil Conserva-
tion Service, 1986).
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Arsenic (As) Values By Watershed
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Figure 34. Arsenic values by watershed as determined from the Solid-phase geochemical survey of the
State of Mississippi b% David Thompson and others ('20021)_I'.an atlas highlighting the distribution of As

Cu, Hg, Pb, Se, and Zn in stream sediments and soils. High arsenic values occur in the agricultural
lands of the Delta region, the Black Prairie, and the western Jackson Prairie.
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CHAPTER 2. GROUND WATER

Statistics of the Mississippi Office of
Land and Water Resources (OLWR) indicate
there are about 80,000 water wells in the U.S.
Geological Survey (USGS) files in addition to
45,000 wells in the records of OLWR, which
were not tracked by the USGS, for a total of
125,000 Mississippi water wells on file, a
number far short of the actual number of water
well drilled in Mississippi. Of these wells,
some 18,300 are permitted by OLWR, 11,500
S)r most) of which are irrigation wells in the
delta. More water is pumped from the Missis-
sippi River Valley alluvial aquifer for agricul-
tural purposes than is pumped from all other
aquifers (and for all other usages) combined.
According to Arthur (2001, ﬁ 6), the average
annual pum%a e rate from the alluvial aquifer
used in the USGS calibrated model for a peri-
od between 1988 and 1996 was about 1.27 bil-
lion gallons per day. This is a huge volume of
water when compared to public and industrial
water withdrawal from all aquifers in north-
eastern Mississippi, which Strom (1998, fp 27)
calculated at 76 million gallons a day for the
if{ear 1995. According to the Mississippi Water
esources  Management Planning Council
(1995, p. 7), irrigation and aquaculture (catfish
ponds) account for 80% of ground-water
pumpage in the state.

Bailey (2004) stated the importance of
ground water to Mississippi with the following
statistics:

1. Ground water accounts for more
than 80% of the state’s water supply, and is
used for drinking water, manufacturing, irriga-
tion, and electric power generation.

' 2. More than 93% of the state’s drink-
ing water comes from ground-water supplies.

3. Only 3 of the 1,535 public water
systems in Mississippi utilize surface water.

4. Over 100,000 acres of farm-raised
channel catfish ponds in Mississippi use
ground water exclusively.

5. Many farmers are dependent on
ground-water supplies for irrigation of crops
such as rice and for the watering of livestock.

The Mississip}qi Office of Geology pur-
chased its first wire-line lo$g1ng unit in 1953
(Harrelson et al., 1980). Since that time the
office has provided free 10§g1ng service to wa-
ter-well drillers, has logged its own test holes,
has maintained a file of water-well geophysical
logs, and has given lots of advice on ground-

water availability.

The Best Available Drinking Water.
Ground water is naturally filtered and, with the
exception of shallow unconfined aquifers con-
nected to the surface, is generally free of dan-
gerous bacteria, parasites, and surface pollu-
tants, which must be treated and eliminated in
surface-water treatment plants. It seems at
odds with the public interest that there are
those who promote building reservoirs as a
source of public-water in areas where there is
an ample su}l)]l)ly of ground water. As noted
below, only 11% of the ground water pumped
in_Mississippi is used for public water sup-
]fglles; the rest ﬁ?es l_argelfy to irrigation and cat-
ish ponds. e City of Columbus drilled its
first municipal water wells in the Tuscaloosa
Massive Sand Member in 1977 to begin its
conversion from surface water to ground water
for its public water supply. Its old water-
treatment plant (illustrated in Lang and Bos-
well, 1960, Cp 39) took its water supply from
Luxapalila Creek.

Surface water can be deadly when not
properly treated for public water supplies. The
protozoan parasite 'C;gptosporidium lives in
surface waters and is highly resistant to chlo-
rine and other disinfectants and is so small that
it is not easily removed from water by the type
of filters used in conventional surface-water
treatment plants. It is found in over half of the
public water supplies tested that use surface
water. An outbreak of Cryévtosporidium in the
Milwaukee, Wisconsin, public water sué)é)ly n
1993 killed 100 people, made another 400 sick,
and affected 400,000 people. In New Orleans
on May 3, 1999, Ed Fidler, a well-known ex-
sportscaster for WLBT-Channel 3 in Jackson,
Mississippi, died from Cryptosporidium at the
young age of thirty nine (Pettus, 1999). There
are treatments for those infected by Cyptospor-
idium, but no cure.

The City of Jackson has the largest
surface-water-treatment system in the state.
This system was cited by the U.S. Environ-
mental Protection Agency in 2000, twice in
2001, 2002, 2003, ang 2034 for violating clean
-water standards or for failure to report. Most
of the citations were for unacceptable levels of
trihalomethane (TTHMS), a byproduct pro-
duced when chlorination kills microbes that
comprise part of the total organic content
STO ) of the surface water supply. The City of
ackson published a “Notice to Customers”
dated May 11, 2005, stating that “City of Jack-
son Surface Water System has levels of Trihal-
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is surface water” (Baydala, 2007).

Now it is reported (Associated
Press, 2008) that public water supplies,
which utilize surface water, are tainted
with an array of pharmaceuticals.
Drinking-water supplies for some 41
¢ million Americans were found to con-
tain traces of such drugs as antibiotics,
anti-convulsants, mood stabilizers, and
sex hormones. A total of 56 pharma-
ceuticals or byproducts were found in
the drinking “water of Philadelphia,
Pennsylvania, including medicines for
pain, infection, cholesterol, asthma,
. cpilepsy, mental illness, and heart
problems.  Though these drugs are
measured in concentrations of parts per
billion or trillion, scientists are con-
cerned about the long-term conse-
quences they present to human health.

Fi

‘igure 35. How to_find an abandoned cistern in late winter
time? Look for the flowers around the old home site. The cis-
tern and flowers are now in a large field on the Jackson Prairie

[ County, where the
Eermrc hand dug wells. Picture
1) taken on March 5, 2006.

along Kickapoo Road in northwestern Hinds
Yazoo Clay was too thick to
(color negative 569-2: Image 3

James C. McDonald was a pro-
fessional engineer who worked for the

omethane (TTHM) and Haloacetic Acids
(HAAS) above Drinking Water Stand-
ards” (Clarion-Ledger, 2005).  Under the
heading “What does this mean?,” the city stat-
ed that there was not an immediate risk, but
that “some people who drink water contalmn]%
trihalomethanes in excess of the MC
[maximum contaminant level] over many years
may experience problems with their liver, kid-
neys, or central nervous system, and may have
an increased risk of getting cancer.” It should
be noted that groundwater colored by organic
compounds will also produce TTHM when
chlorinated.

An algal bloom in the Ross Barnett
Reservoir, the source of Jackson’s drinking
water, in May and June of 2007 turned the
city’s water supply into discolored, foul-
smelling, bad-tasting drinking water. Restau-
rants were force to switch from tap water to
bottled water. A section on the front page of
the May 30, 2007, edition of the Clarion-
Ledger read “City flushing pipes to clear out
foul water.” The article stated that “Chemicals
(i.e. chloramines and potassium permanganate)
used seasonally to treat algae at the O.B. Curtis
Water Treatment Plant in Jackson have pro-
duced an aftertaste, odor and color in city wa-
ter that has lingered for more than two
weeks” (DeRoy, 2007). Later, in the Metro/
State section of the paper, a headline reported:
“Water ‘safe’ but problems linger.” The arti-
cle noted the following: “The reason Jackson,
but not surrounding areas, experienced un-
pleasant water is that most of Jackson’s supply

Mississippi State Department of Health
for 36 years (1956-1992) as head of the
Bureau of Public Water Supply. He was an
ardent believer that only groundwater should
be used for human consumption. Under his
tenure he made it tough for anyone to get a
Board of Health permit to sup%ly people with
surface water. There had to be virtually no
other alternative.

Ground-Water Chemical Monitoring. The
Mississippi Agricultural Chemical Groundwa-
ter Monitoring Program of the Mississippt Of-
fice of Land and Water Resources has sampled
water in a total of 1,369 wells over a period
from March 1, 1989, to December 31, 2007.
Of this total, 664 drinking-water wells from all
82 counties were anallyzed for more than 100
pesticides and metabolites, 45 volatile organic
compounds, and 30 inorganic compounds, in-
cluding minerals, residues, nutrients, and met-
al. The other 705 wells were for irrigation and
fish culture in all 19 Delta counties and were
analyzed only for pesticides, chlorides, and
nitrates.

Test result of the 1,369 wells samples
found no detectable concentrations of agricul-
tural chemicals in 1,324, or 96.7%, of the
wells. Only three welis were found to contain
concentrations  exceeding  safe  levels

Maximum Contaminant Levels or MCLs). Of
the three wells, two were found to be contami-
nated from improper storage of chemicals near
the wellhead.  After clean-up of the area
around the wells, subsequent sampling showed
no pesticide contamination.
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_ Analysis  for total nitrates,
chemicals closely associated with agri-
cultural practices, found only nine of
1,369 wells samples to exceed the
MCL for total nitrates. Resampling has
indicated that five of the nine wells are

resently within  allowable limits
Mississippi ~ Agricultural ~ Chemical
roundwater onltorir}[g Program,
Summary and Results, March 1, 1989
Through December 31, 2007).

Ground Water and Early Set-
tlement. Fresh water is Mississippi’s
most valuable natural resource. Re}iia—
ble springs and shallow aquifers were
important to early settlers and the loca-
tions of early towns. In fact, ground-
water resources were a matter of great
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Figure 36. How to find an abandoned cistern on a cold fall
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concern even in Biblical times. The mormnl%? Look for a puff of vapor rising from an old home-

26" chapter of Genesis tells that Isaac 51%@.1;11" lstlﬁ the stahm¢ dClSttqug'ai in the rec\lzloui }fl ure. It (1?81 in
. a field on the south side of Kickapoo Road on the Yazoo Cla

moved to the valley of Gerar to re-di outcrop belt in northwest Hinds County. Picture (digital; Tt

the wells of his father Abraham, whic age 1107) was taken on the morning after the first tall frost

the Philistines had filled in with dirt.
The first well was such a success with
flowing water that the herdsmen of
Gerar claimed, “The water is ours.” Then
Isaac dug another well, only to have the herds-
men claim it, too. Finally, Isaac moved to an-
other site and dug a well that no one quarreled
over, and so he named it Rehoboth, meanin

“At last the Lord has made room for us, an
we shall be fruitful in the land.”

_ Potable water was also important to the
establishment of Mississippi’s early settlers
such as Silas Dinsmoor, who was the Choctaw
Agent for Mississippi between 1802 and 1816.
In 1811, Dinsmoor built an Agency house at
Ridgeland, Mississippi, near the intersection of
Old Agency Road and the Natchez Trace right-
of-way. This house measured 72 by 30 feet
and was scandalously larée for an Agency
house of its time. To provide for the large wa-
ter supply needed by the Agency’s man
guests, Dinsmoor dug a well in late 1811 and
early 1812 (Elliot, 1998) to a depth of 172 feet
in stiff Yazoo Clay before abandoning the pro-
ject as a dry hole.

~ Even if Dinsmoor had dug his well
twice as deep, it would still have been dry, be-
cause the Yazoo Clay is as much as 400 feet
thick in the Ridgeland area. The Agency later
dug an additional cistern to s%p%lement their
water supp}jy. Today cisterns of old home sites
dot the landscape of the Jackson Prairie across
central Mississgag)i where the Yazoo Clay is
thick (Figure . Similar_ cisterns dot the
landscape of the Black Prairie and Flatwoods
in northeastern Mississippi on the Cretaceous
chalk and Porters Creek clay belts. Crider

on October 28, 2008.

%906, p. 24) reported that he knew of no wells
that penetrated the Porters Creek clay and esti-
mated the thickness as 210 feet.

Cisterns have been used since ancient
times in areas where ground-water resources
were very deep or absent. They generally have
a narrow neck at the surface and expand below
to a large cylinder or basin to catch the rainwa-
ter funneled from the roof of a house. A cis-
tern on the north side of Kickapoo Road near
the intersection of Tinnin Road in northwest-
ern Hinds County is typical of many cisterns
on the Yazoo Clay outcrop belt. It has a mod-
est brick, well-like upper structure and con-
crete covering at the surface, which hides a
huge cavity below--a deep and expanded cylin-
drical cavity that looks like a missile silo. This

y structure was built large enough to store rain-

water from wet months to be used in the dry
months or, even worse, in dry years. Before
drinking the water, it was best to sieve out the
“wiggly worms” through a cloth. Even so, the
coliform bacterial count from bird droppings
and other sources would not pass our Health
Department standards of today. On cold win-
ter mornings, abandoned cisterns can be spot-
ted alon 1ckag)oo Road along the sides of
rolling fields or by cedar groves by the ascen-
sion of their wispy vapors, the only records of
long forgotten homesteads (Figure 36).

Base of Fresh Water. Modern drilling
technology provided the means to penetrate
thick clay and chalk units to reach the underl§-
ing aquifers. By 1854, Wailes (1854, p. 268)
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reported 18 flowing artesian wells in Lowndes
and Noxubee counties and estimated as man
as 100 such wells in the state. Hilgard (1860,

. 79, 272) reported wells drilled deeper than

,000 feet in southern Chickasaw and Clay
counties. In 1963, a few wells drilled before
1860 were reported to have been in continuous
use for over 100 years (Boswell, 1963, p. 17).
Stephenson et al. (1928) published “The
Ground-Water Resources of Mississippi,”
which included a statewide ma;l) (pl..8), show-
ing the locations of artesian wells with surface
flows. Such wells occurred in river flood
plains, the Mississippi River Alluvial Plain,
and the coastal area.

Though towns and other developments
are no longer restricted to sites with a shallow
water table accessible to hand-dug wells, there
are other limits to how deep water wells can be
drilled. Water salinity fgenerally increases with
depth, and the base of fresh water (which for
purposes here is considered to be water con-
taining less than 1,000 parts per million of dis-
solved solids) varies between a few hundred
feet deep in northeastern Tishomingo County
to greater than 3,000 feet deep in various plac-
es such as parts of Grenada and Yalobusha
counties, Smith and Jasper counties, and Pearl
River County (Newcomb, 1965). Priddy
(1955) published a map of MlSSlSS(llp]il show-
ing the recharge areas of aquifers and the down
-dip limit of their fresh water.

' Shows (1970, fig. 2) gave a map show-
ing the “configuration of the base of fresh-
water in Mississippi,” which partitioned the
state into aquifer regions including: (1) Tusca-
loosa, (2) Lower Cretaceous, (3) Eutaw, (4
Coffee Sand, (5) Wilcox, (6) Meridian Sand,
(7) Claiborne, and (8) Miocene aquifers. An
area in southeastern Kemper County and
northwestern Lauderdale County was shown to
have “no fresh water available.” Another map
(Shows, 1970, p. 20, fig. 3) gave the
“distribution of major ground-water aquifers.”
This map included six regions as follows: (1)
Cretaceous and Paleozoic aquifers, (2) Creta-
ceous aquifers, (3) Claiborne and Wilcox aqui-
fers with a subregion in the north labeled Rip-
le%r.and Coffee Sand aquifer, (4) Alluvium,
Claiborne, and Wilcox aquifers, (5) Citronelle,
Hattiesburg, Catahoula, Claiborne, and Wilcox
aquifers, and (6) Citronelle, Graham Ferry,
Hattlesbur{)g. and Catahoula aquifers. Gandl
1982%‘]1311 fished a 1:300,000 scale map enti-
tled “The base of fresh water in Mississippi.”
Figure 37 is a revision of Gandl’s map by D.
Thomson.

The depth to the base of fresh water
poses a problem along a west-northwest to

south-southeast zone of central Mississippi just
south of the Yazoo Clay outcrop belt. Here,
surficial Miocene aquifers are too shallow to
supply commercial ?uantltles of water, and the
Eocene Sparta aquifer is deep and near to the
base of the fresh water interval. Also, there is
the problem of colored water in the deeper aq[-
uifers. South of the Yazoo Clay outcrop belt
in Wayne County the base of fresh water is
less than 1,000 feet deep. Here, the City of
Waynesboro once relied on a shallow lenticu-
lar Ohsgocene aquifer, known as the Waynes-
boro Sand, for its ground water (Johnson,
1982). To solve its need for more water, the
city drilled a well north of town into the lower
Wilcox Group, where the aquifer was at a shal-
lower depth and of a better water quality, and
built a pipeline to carry the water to town. A
water well for the Town of Hiwannee, north of
Waynesboro, gets its water from the lower
Wilcox aquifer with the base of the screen at a
depth of 2,777 feet, making it one of the deep-
est wells for drinking water in the state.

Terry, Mississippi, is also situated
south of the Yazoo Clay outcrop belt and faces
a similar problem to that of Waynesboro. The
town water supply comes from wells that tap a
north-south channel sand in the lower Forest
Hill Formation (Oligocene), which extends
through sections 9 and 16 of T. 3 N, R. I W.
north of, and in, west Terry. These wells have
the greatest discharge rates of any Forest Hill
wells in the state. The South Central Water
Association’s well (V095) in Section 9, with a
50-foot-long screen in the Forest Hill channel
sand, has a discharge rate of 927 gallons per
minute (Oakley and Burt, 1992, p. 40). Three
other pu hc-_suﬁply wells in the same channel
sand have disc alige rates of 500 gallons per
minute. Away from the channel, discharge
{ates drop to 350 gallons per minute or much
ess.

For additional water in the Terry area,
the South Hinds County Water Association
recently drilled a 2,000-foot-deep well to tap
the Sparta aquifer (newspaper article by Berry,
2000{ Lowe (1919, p. 117) attributed a 56-
foot-deep well in an outlier of the Forest Hill
aquifer at Pocahontas, Mississippi, to the
“Jackson sands.” This shallow aquifer was
adequate for only modest water-supply needs.
Beyond that, a deeger well would have to pen-
etrate more that 400 feet of Yazoo Clay and
the upper clayey beds of the Cockfield For-
mation before reaching the first Cockfield aq-
uifer sand. A more recent private well at Poca-
hontas has a screened interval from 500-540
feet in the upper Cockfield; a roadside park
well just south of Pocahontas is screened in the
lower Cockfield at 756-776 feet.
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~Aquifer Value. In 1955 (according to
Priddy, 1955, p. 19), the ranking of aquifers in
order of importance was as follows: (1) Mio-
cene (lumping the Catahoula, Hattiesburg, Pas-
cagoula, and Graham Ferry aquifers), 82 Wil-
cox (lumping the lower, middle, and upper
Wilcox aquifers), (3) Sparta, (4) Cockfield, (5)
Tuscaloosa, (6) Winona, (7) Eutaw, (8) Penn-
s?rlvaman, (9) Mississippian, (10) Vicksburg,
(11) Forest Hill, and (12) Devonian. This
ranking was made short after the drought of
1950-1954 and before the Mississippi River
Alluvial aquifer was developed for irrigation.
Today the ranking of top aquifers (Hoffmann,
personal communication) would be: (1) Mis-
sissippi River Valley Alluvium, (2) Miocene,
(3) Wilcox, (4) Sparta, (5) Lower Cretaceous
and Tuscaloosa, (6) Cockfield, and ﬁ7) Eutaw-
McShan, (8-10, listed a%)habetlcal , are of
about equal value: 8) Coffee Sand, é) Paleo-
zoic (lumping the Devonian, Mississippian,
and Pennsylvanian), 810) Ripley, (11) Citron-
elle-High Terraces, i2) Oligocene, and 613)
Winona-Tallahatta. Lang and Boswell (1960,
p. 32) gave the distribution of aquifer use in
northern Mississippi, listing the following re-
ions from east to west and north to south: (1)
uscaloosa Group, (2) Eutaw Formation and
Coffee Sand, (3) Tuscaloosa Group and Eutaw
Formation, (4) Eutaw and Ripley formations,
85) Wilcox and Claiborne groups, (6) Wilcox
roup, and (7) Claiborne Group.

Memphis, Tennessee, and Northwest-
ern Mississippi. Ancient Tertiary delta sys-
tems, such as that of the Sparta and Cockfield
aci}lnfers, tend to be sandier updip (to the north)
where fluvial facies dominate. This is also the
case for the Hatcheti%bee Formation of the up-
per Wilcox Group, which merges with sands of
the Meridian Formation of the Claiborne
Group in central Mississippi to form the Me-
ridian-upper Wilcox aquifer. Northward near
the Tennessee line, the Meridian-upper Wilcox
aquifer merges with sands of the overlying
Tallahatta, Winona, Zilpha, and Sparta for-
mations (Arthur and Taylor, 1998, p. 110, table
1) to form a single thick aquifer unit named the
Memphis Sand.

The May 19, 2008, edition of The
Commercial Ag)geal contained a section on
news from 25, 50, 75, 100, and 125 years ago.
The heading “100 years ago: 1908" gave the
following report: “The largest artesian well
ever discovered in Memphis was tapped by the
Water Department yesterday at its auxilia

plant at Central and Tanglewood. The well
shows a flow of almost 4,000,000 gallons a
day from a depth of only 460 feet.” This well

roduced water from the Memphis Sand aqui-
er.

~ Brown (1947) reported that the first
artesian well in the Mississippi River Alluvial
Plain was drilled at Greenwood in Leflore
County by C. E. Wright in 1896, just ten years
after the discovery of flowing water at Mem-
his, Tennessee. He also reported that some
0 cfe;:p flowing wells were drilled in the delta
counties between 1896 and 1904. Some of
these wells were drilled into the Sparta aquifer
(which is equivalent to the upIper part of the
Memphis Sand aquifer), while others were
drilled into the Merldlan-u%per Wilcox aquifer
(Hoffmann and Grantham, 2000a) and the low-
er Wilcox aquifer (Hoffmann and Grantham
(2000b).  Brown (1947) also reported that
some 1,300 flowing wells had been drilled in
Mississippi Delta counties between 1896 and
the publication of his book in 1947.

__ The City of Memphis uses the Mem-
Ehls Sand aquifer and, to a lesser degree, the
ort Pillow Sand aquifer below, as its sole wa-
ter supply, and boasts the best drinking water
of any large metropolitan city. According to a
brochure by the Memphis Light, Gas and Wa-
ter Division (undated), the Memphis well field
contains 170 wells, each capable of producing
three million gallons of water per daEr. Inall, a
total of about 196 million gallons of water per
day is pumped from the Memphis aquifer in
southwestern Tennessee, of which approxi-
mately 60% (about 118 million gallons per
day) 1s used by the City of Memphis. A re-
ional ground-water model by the U. S. Geo-
ogical Survey (USGS) indicates that this
}f)umpa e has increased the ground-water flow
rom Mississippi into the Memphis well fields
%MlSS}SSlpBl ater Resources Management
lanning Council, 1995, p. 18). Such infor-
mation was reported on the front page of The
Commercial ~Appeal under the caption
“Memphis taps into DeSoto County’s well lev-
els” (Charlier, 1998).

Dolbi (2005b) of the DeSoto Times re-
ported that on peak days Memphis Light, Gas
& Water and surrounding municipalities pump
nearly 210 million gallons of water to more
than 1 million residents. This water also sup-
plies some “84 companies that provide 2,500

jobs with a $1 billion economic impact directly

affected by the aquifer.”

Water Wars? Water wars are general-
ly fought between states over rights to surface
water from streams and rivers. Perhaps the
first recorded “legal settlement” over ground-
water rights was recorded in the book of Gene-
sis (chapter 21, verses 22-34) where Abraham
took Eossesslon of a disputed water well at
Beersheba (in the land of the Phlhstlne]sg? a
name signifying that Abraham and King
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Abimelech took an oath and made a covenant
concerning the well. In DeSoto County, Mis-
sissippi, and Shelby County, Tennessee, water-
right problems exist where the City of Mem-
}tg 1s and DeSoto County share the same aqui-
er system, the Memphis Sand Aquifer. Feld-
man and Elmendorf '52000, Chapter 5.4, p. 54-
59) addressed the “Tennessee-Mississippi lia-
bility problems” concerning the Memphis Sand
Aquifer in sections 5.5.1-5.5.3 of a report to
the Environmental Policy Office of the Ten-
nessee Department of Environment and Con-
servation.

In a rather unique lawsuit filed on Feb-
ruary 2, 2005, the State of Mississippi sued
Memphis for tapping Mississippi ground-water
supplies in the Memphis water-well fields. An
Associated Press (2005) article published in
the March 6, 2005, issue of the Clarion Ledger
stated that Memphis Light, Gas, and Water Di-
vision (MLGW) withdraws 160 to 200 million
gallons a day from the Memphis Sand aquifer,
a withdrawal volume significant enough to
suck water from ground-water sup¥hes in
northwestern Mississippi. The May 1, 2005,
edition of the Commercial Appeal cited
“Mississippi officials™ as labeling Memphis as
the largest single user of MlSSlSSlpEl ground
water but noted added pressure on the aquifer
from Olive Branch, M15$1551p§1, which in-
creased its pumping rate from 1.23 million gal-
lons a day in 1995 to nearly 3.5 million in
2000 and from Southaven’s daily consump-
tion, which rose from 1.9 million gallons in
1994 to 3.3 million gallons in 2003 (Charlier,
2005). The May 5, 2005, edition of the DeSo-
to Times reporte(f that DeSoto County had
joined the suit alleging that Memphis 6pumps
300 million gallons per day of which 60 mil-
lion is_drained from the portion of the aquifer
beneath DeSoto County (Dolbi, 2005a).

In 2008, U.S. District Judge Glen Da-
vidson ruled that the state of Tennessee,
though not named in the suit, had to be a party
to it, making the case an interstate dispute un-
der the Supreme Court’s jurisdiction. The
Fifth Circuit Court of Apllgeals upheld that rul-
ing in June of 2009. On February 1, 2010, the
Supreme Court declined to hear a lawsuit
claiming that Memphis was pumping too much
water out of a shared aquifer, thus denying
Mississippi’s claims against Memphis.

. Northeastern Mississi[ﬁg_i. _In Tisho-
mingo County of Northeastern Mississippi, the
sands and gravels of the Tuscaloosa Group
(Gordo Formation) are a source of ground wa-
ter. However, this aquifer thickens in Creta-
ceous valleys cut into the Paleozoic bedrock
and thins over Paleozoic highs (figures 38-41).

The Town of Corinth in neighboring Alcorn
County overlies a Paleozoic high and once ob-
tained ]ground water from fractured Devonian
chert (Jennings, 1994). Lee et al. 52003) re-
ported on the geochemistry of ground waters in
the Devonian and Lower Mississippian aqui-
fers of northeastern Mississippi and found
them to have the chemistry of waters derived
from weathered crystalline rocks, which once
bordered the Mississippi Embayment.

~ In Cretaceous outcrops of northeastern
Mississippi, %gology and well-water/spring-
water availability are responsible for an inter-
esting pattern of settlement. Here the Black
Prairie is a region of excellent farm lands but
few towns due perhaps to the lack of a shallow
aquifer for ground water. Beginning at Tupelo
and continuing north into Tennessee is a north-
south geologic boundary marking the edge of
the Black Prairie and the top of an aquifer
known as the Coffee Sand. Also beginning at
Tupelo, and continuing northward along the
contact of the Demopolis Chalk, which forms
the Black Prairie, and the Coffee Sand are the
towns of Tupelo, Saltillo, Guntown, Baldwin,
Frankstown, Booneville, Rienzi, and Corinth.
All these towns and U.S Highway 45, which
connects them, are situated between farm land
to the west and an aquifer to the east. As these
towns have grown, they have _tap%ed even
deeper Cretacous agulfers, including the Eutaw
-McShan aquifer (Everett and Jennings, 1994;
Strom and Mallory, 1995) and the Gordo aqui-
fer of the Tuscaloosa Group (Phillips and
Hoffmann, 1994). At Corinth, where the city
sits on a Paleozoic structural high and the Tus-
caloosa is absent, wells pump more than a mil-
lion gallons of water a day from fractured
Paleozoic basement rocks (Jennings, 1994).

The Demopolis-Coffee Sand contact is
exposed at several places alqn%lU.S. Highway
45 between Tupelo and Corinth. One notable
site is at Frankstown where highway excava-
tions in 1990 for the Frankstown bypass en-
countered so many fossil shark teeth at the De-
mopolis-Coffee Sand contact that fossil collec-
tors from distant states came to collect them.
These fossils generated such publicity that
Booneville High School was awarded a Na-
tional Science Foundation grant (the first ever
awarded to a high school) to use the site as a

roject in teaching their students earth science.

he site and Booneville High School made na-
tional news on an ABC Sunday evening news-
cast. Fossils from this site are illustrated in
Circular 4 of the Office of Geolo%/ (Manning
and Dockery, 1992). Today, the geologic
boundary that spawned a corridor of towns is
remembered, not for its ground water, but for
its fossils, as attested by an elght-foot-hlgh
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Figure 39. Tishomingo County cross section
location map.

%ranite_ monument at a roadside park just off
.S Highway 45 at Frankstown.
Another geologic boundary and associ-
ated water supply, which is }Eerhaps responsi-
t

ble for a string of towns, is the famous Creta-
ceous-Tertiary Boundary, also known as the K-

Tombigbee Sand Member

~I==

CROSS SECTION A - A'

through Tishomingo County, showing the incision

uscaloosa gravels into the Paleozoic basement and Pa%eozmc highs to the north, where the Tusca-
loosa is absent.” Tuscaloosa channels are an important ground-water resource. Cross section from Mer-

T Boundar¥. Here in the Tertiary strata, some
400 feet of Porters Creek Clay are separated
from thick deposits of Cretaceous chalk below
tﬁqa sand at the base of the Clayton Formation.
e thickness of the basal Clayton sand is
quite variable. The origin of this sand has
been attributed to such novel processes as dep-
osition in the tidal wave that followed the as-
teroid impact that killed off the dinosaurs (that
impact crater is believed to exist under the Yu-
catan Peninsula). Whatever its mode of depo-
sition, the Clayton sand is a source for shallow
ground water and feeds sls)rm s along a narrow
strip that connects Starkville, ~Houston,
Pontotoc, New Albany, Ripley, and Walnut
Harris, 1896, p. 22, illustrated water flowing
rom a horizontal pipe below a ledge of Tur-
ritella limestone in the Clayton at Chalybeate
Springs two or three miles east of Walnut). It
is interesting to note that the name for Ok-
tibbeha County, which contains Starkville, de-
rives its name from an Indian word which
means “pure water,” while Noxubee County to
the southeast comes from a word meaning
“stinking water” (Schmitz et al., 1999).

) Central Mississippi. In Hinds County
in west-central Mississippi, many residential
wells (such as the well at my sister-in-law’s
house) acquire their water from the Cockfield
aquifer, the basal sands of which are 800 feet
deep in the northwestern part of the county but
sug ly clear water with a pH of 8.29 (8.3 to
8. §)15 ideal, meaning no CO, and no corro-
sion, low iron and manganese, and no coliform
bacteria. However, water color differs in the
Cockfield Formation to the south and east

7.0.3510_
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trace of geologic section important regional aquifer) to the north by the
McShan and Eutaw formations and the thickening
of the Tuscaloosa to the south, where it contains
three members (from Strom, 1998, p. 10).
EXPLANATION

I — - E .. Figure 41. Location map of wells used in cross
i ] section (at left) (from Strom, p. 3).

4, Froce of geciogic section wih
A= A gictiic-log location ana number

2 i - within the county. Public supply wells, such
Pontotoc vore )i L8 as the North Hinds Water Association Camp

% ‘ Kickapoo well, often bypass the Cockfield ag-
uifer for the basal sands of the Kosciusko or
Sparta aquifer, which yield a h